An ultrawideband antenna is designed, simulated, and realized. To overcome the narrow bandwidth characteristics of basic patch antennas, the structure of the radiation pattern is optimized by the aid of elliptical and rectangular patches. Also triangular patches are applied to the antenna edge in order to enhance the VSWR and gain properties. A typical VSWR of 1.5 (less than 2 in the whole frequency range) and a typical gain of 2 dBi (mainly above 1 dBi in the whole frequency range) are observed. The simulations present that the designed antenna has a bandwidth ratio of ∼5 : 1 within the frequency range of 4-19.1 GHz with compact dimensions of 25 × 26 mm 2 . It is fabricated on a 0.5 mm thick, RO3035 substrate. The input impedance, gain, and radiation characteristics of the antenna are also presented. With these properties, it is verified that, with its novel shape, the proposed antenna can be used for various UWB applications.
Introduction
In last decades, the ultrawideband (UWB) technology is developed widely and rapidly. There are many applications employing UWB such as sensor networks [1] , location tracking, and biomedical imaging [2] . UWB technology has also become very popular in high speed short range communication systems. Since antenna has a major effect on the performance of these systems, design of the compact antennas has become more important and critical. As a result of these, for broadband and ultrawideband (UWB) applications, patch antennas are an attractive candidate due to their light weight, low cost, wide bandwidth, compact size, and ease of fabrication [3] [4] [5] [6] [7] [8] [9] [10] .
Here it should be also noted that, since the transmission power in UWB is pretty low, the loss becomes an important issue. Moreover, power loss due to the dielectric and conductor losses needs to be minimized with the selection of a proper substrate.
In the work of Ojaroudi et al. [3] , an ultrawideband monopole antenna with inverted T-shaped notch in the ground plane, operating from 3.12 GHz to 12.73 GHz, is presented with a compact size of 12 × 18 mm 2 . A monopole antenna with ladder-shaped resonant structures is also presented. This antenna has a dimension of 22 × 22 mm 2 with a bandwidth of 19.3 GHz [4] . Liu and Yang [5] presented a hook-shaped UWB antenna operating from 3 GHz to 10.7 GHz with a dimension of 10 × 10 mm 2 . A microstrip-fed, hexagonal wide slot antenna having 30 × 30 mm 2 area exhibited UWB performance from 2.9 GHz to 18 GHz [6] . A printed circular ring antenna operating from 2.54 GHz to 12.08 GHz is also presented in the literature [7] . In the work of Oudaya Coumar et al. [8] , planar monopole antenna operating between 1.8 GHz and 10.6 GHz is studied with an area of 25 × 30 mm 2 . Symmetrical triangle-shaped [9] and tapered-shaped slot antennas [10] with areas of 12 × 38 mm 2 and 22 × 24 mm 2 presented operation frequencies from 2.77 GHz to 10.64 GHz and from 3 GHz to 11.2 GHz, respectively.
To overcome the narrow bandwidth property of patch antennas, different techniques have been investigated and applied to cover the entire UWB frequency range [11] [12] [13] [14] . In this work, a "heart shape" slot antenna with enhanced impedance bandwidth has been designed and fabricated. The objective of the work is to enlarge the bandwidth of the antenna while reducing the antenna dimensions to make it appropriate for portable systems and electronic devices. With the help of triangular patch and small segment of arc (as shown in Figure 1 as "m2") at the middle of the ground plane [15] [16] [17] [18] [19] [20] , wide input impedance matching is achieved over the entire 4-19.1 GHz band. The simulation and measurement for the return loss and VSWR indicate that the proposed structure exhibits an ultrawideband impedance matching and offers an antenna gain greater than 1 dBi.
Antenna Configuration
UWB operation is basically defined as the operating frequencies of 3.1 GHz to 10.6 GHz and as 6 GHz to 8.5 Ghz with the definition of U.S. FCC [21] and European regulations (2007/131/EC) [22] , respectively. On the other hand, a general definition is also given with the equation
where and are the upper and lower frequencies, respectively [23] .
The basic structure of a heart shape antenna consists of a radiation element and modified ground plane as given in Figure 1 . The radiating element of the presented antenna is designed with rectangular and elliptical patch. Rectangular and elliptical shapes are well known antenna types, and they have UWB characteristics with a wide frequency range. "V" slot notch is one of the techniques which augments the gain and improves the impedance matching of the antenna. On the other hand, triangular-shaped patches are also used at the edge of rectangular patch in order to improve the impedance matching. When we consider the whole frequency range of the presented antenna, more than 100% BW improvement is achieved in comparison to the UWB frequency range defined by FCC [17] . The ground plane used here is also similar to the radiating patch and it also consists of rectangular and elliptical patches. The gain and bandwidth of the antenna are improved by adding a small segment of arc at the middle of the ground plane as also applied in the work of Liu et al. [15] . Modified ground plane of the heart shape UWB antenna is shown in Figure 2 . The dimension and the alignment of the ground plane and radiation element are also considered. The proposed antenna has compact dimension of 25 × 26 mm 2 which is printed on RO 3035 substrate from Rogers Corp. having 0.5 mm thickness and relative dielectric constant of 3.50. Since the dielectric substrate thickness is 0.5 mm, antenna is flexible. Therefore, it may be also suitable for applications where flexibility is necessary, for example, wearable electronics. 
Results and Discussion
In order to analyze the impact of the triangular patches on radiation element and ground plane, a serial of simulations are performed. It is clear from Figures 3 and 4 that triangles on the radiating element (on top) and the ground plane (on bottom) influence the antenna performance in terms of VSWR and gain. A better performance is achieved when triangles are applied to both sides. Briefly, the designed antenna presents VSWR below 2 and gain above 1 dBi from 4 GHz and up to 19.1 GHz. For the measurement and the characterization of the antenna performance, a vector network analyzer from Agilent is used. The simulated and measured VSWR and return loss of the antenna are given in Figures 5 and 6 . These results illustrate impedance matching bandwidth between 4 GHz and 19.1 GHz range. As given in Figures 5 and 6 , measurement result is roughly similar to the simulation results. The slight discrepancy is due to not only the effect of the SMAs used but also the tolerances during fabrication. The VSWR is measured to be below 2 (partially the measured VSWR is 2.3 close to the 14 GHz), whereas the gain is achieved above 1 dBi, typically. The presented antenna in this paper is compared with the recently published antennas in Table 1 in terms of mainly bandwidth and size and also gain and the radiation pattern.
The proposed antenna in this work exhibits a pretty high bandwidth with its comparable size. It presents a moderate gain with a uniform the radiation pattern.
The simulated and measured radiation patterns in the X-Z and Y-Z planes, for frequencies 3, 4.5, 6, 7.5, 9, 10.5, 12, and 14 GHz, are presented in Figures 7 and 8 , respectively.
These radiation patterns show a reasonably good agreement between simulations and measurements.
Conclusion
In this paper, a novel ultrawideband antenna named by us as heart shape antenna was designed, simulated, fabricated, and characterized. The structure of the radiation part is designed with elliptical and rectangular patches. Also triangular patches used at the edge of the antenna are analyzed to enhance the VSWR and gain of the antenna. In addition, modified ground of the presented antenna also consists of elliptical patches with a small segment of arc at the middle of the ground. With the help of the triangular patch on the modified ground, enhanced gain and impedance matching characteristics are achieved. Numerical simulation shows that the antenna has a bandwidth ratio of 5 : 1 within the frequency range of 4 GHz-19.1 GHz with a 25 × 26 mm 2 heart shape UWB antenna.
Briefly, a novel-shaped, flexible UWB antenna providing a VSWR less than 2 and gain of more than 1 dBi is achieved and fabricated with a compact size of 25 × 26 mm 2 which makes it attractive for mobile systems.
